ABSTRACT: Secondary metabolites in the Solanaceae group of plants influence human health. Hence fruits and beverages from Solanum torvum are becoming essential not only for their nutritional value but also for medicinal benefits. This study evaluates the antioxidant activity of the extract of fruit, leaf, and stem of S. torvum. Total phenolic and flavonoid contents were evaluated using the Folin-Ciocalteu method and AlCl 3 test, respectively. Antioxidant activities were assessed by DPPH radical scavenging and the ferric-reducing antioxidant power assays. The results showed that stem extracts accumulated significantly higher phenolic content and higher reducing ability than the extracts of fruit and leaf. Extracts of leaves contained significantly higher flavonoid content and higher antioxidant capacity towards DPPH than that of in extract of fruit and stem. This result suggests that extracts of stems exhibited a good reducing ability, whereas the extract of leaves displayed an excellent DPPH free radical scavenging ability.
INTRODUCTION
Solanum torvum is a plant of the family of the Solanaceae, which contains a number of important medicinal plants such as S. hispidum, S. tuberosum, S. abutiloides, S. torvum, and Capsicum annuum. It grows in different climatic regions, e.g., West Indies, Thailand, Malaysia, Myanmar, India, China and in some parts of tropical America. It is naturally found in South and South-East Asia 1 . The fruits of this plant are edible. However, a Cameroonian folk medicine utilizes the fruit and leaves as a source of medicine 2 . It is also used to treat fever, tooth decay, wounds 3 , colds and coughs, cracked foot, reduce body heat, and microbial diseases 1 . The ripened fruits of S. torvum contain steroidal glycosides 4 , hydrocarbons and steroids 5 , antioxidant proteins 6 used as traditional medicine. Phytochemical studies have shown that fruits contain alkaloids, glycosides, flavonoids, tannins, and saponins that have adequate pharmacological properties 1 . Several reports confirmed that the plant has many pharmacological properties such as analgesic and antiinflammatory 3 , anti-microbial 7, 8 , anti-ulcerogenic activity 9 , antihypertensive 10 , antioxidant activity 11, 12 . The root and the stem of S. torvum showed an antitumour, antiinflammatory, antiviral, and antibacterial activity 1 . Recently, oxidative related problems are seriously increased with the advent of many possible ways to generate oxidative diseases via free radicals. Sources of free radicals include UV light, pollutants, ionizing radiation, industrial waste, cigarette smoke, certain organic solvents, and some cellular activities 13 . Free radicals are extremely reactive compounds formed when oxygen reacts with certain molecules. However, they became stable compounds in the presence of other molecules 14 . This necessitates many scientists to use herbs and spices as antioxidant.
Recently, many oxidative related problems and infectious diseases were reported to be controlled using herbs and spices in food 14 . Thus herbs are important in managing human diseases due to the content of active compounds. Hence this study evaluates the antioxidant activity in fruit, leaf, and stem of S. torvum, an indigenous plant in peninsular Malaysia.
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MATERIALS AND METHODS

Chemicals
Dimethyl sulfoxide (DMSO), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-tripyridyl-s-triazine (TPTZ), Folin-Ciocalteu, quercetin, FeCl 3 , acetate buffer (pH 3.6), ethanol, methanol, and Na 2 CO 3 were used in this experiment. Antioxidant activity was assessed using DPPH scavenging activity and ferricreducing antioxidant power assays.
Plant materials
The samples were collected from a university farm at Tembila Campus, Sultan Zainal Abidin University (UniSZA). The samples were then washed with running tap water and then separated into fruit, stem, and leaves before drying them in an oven. The Faculty of Bioresources and Food Industry, UniSZA, Tembila campus Besut, Terengganu, Malaysia, authenticated the plant.
Extract preparation
The leaf, stem, and fruit (pod) samples were washed properly and separated into stem (stalk), bark, stem with bark, pod, and seed followed by subsequent drying at 40-43°C for 3 days. The dried samples were extracted with 100% methanol. The crude extracts were collected at least three times and were filtered through Whatman number 1 filter paper and then concentrated on a rotary evaporator (Buchi, Flavil, Switzerland) at 45°C, dried and kept at 4°C until used for the assay. The sample and solvent mass ratio were 1:2 during extraction. The extracts were dissolved in DMSO, methanol, and/or diluted with sterile water to obtain the final concentration as per requirement 15 .
Total phenolic content (TFC) assay
The Folin-Ciocalteu (F-C) method of assay is the simplest method available for the measurement of phenolic content in the products. The improved method using F-C reagent can be performed by two principal procedures for the measurement of polyphenolic content, i.e., as dual reagent 16 and as single reagent 17 . The single reagent has been used for phenolic antioxidants from fruits 17 . A total phenolic content of the extract was determined according to the previous method 18, 19 with some modification. In the experiment, 250 µl of extract diluted in methanol was placed in a test tube and later mixed with 1.25 ml of F-C reagent diluted 1:9 with distilled water. Then, it was incubated for 10 min, after which 1 ml of 8% Na 2 CO 3 solution was added, followed by a second incubation for 30 min in dark prior to measuring at 650 nm in a spectrophotometer. Gallic acid solution was used as a standard in a concentration range from 0.5-25 µg/ml. Total phenolic content was stated as mg gallic acid equivalents (GAE)/g of samples. Three replicates were maintained.
Total flavonoid content (TFC) assay
The total flavonoid content was determined using a modified method 20, 21 . A 0.32 mg/ml methanol solution of quercetin was used for this assay and was further diluted, and read at 415 nm into different concentrations of 250, 125, 62.5, 31.25, 15.63, and 7.81 (µg/ml). A calibration curve was prepared from the above dilutions measuring the absorbance at 415 nm with a spectrophotometer. Concisely, 0.5 ml of each extract was mixed with 1.5 ml of methanol, 0.1 ml of 10% AlCl 3 , 0.1 ml of 1 M potassium acetate and 2.8 ml of distilled water. Three replicates were prepared.
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
Antioxidant activity of the extracts from different parts of S. torvum on DPPH was assessed based on the modified method 22, 23 . For this assay, 60 µl of extract diluted in DMSO was mixed with 200 µl of DPPH in methanol (0.1 mM), to form a total volume of 260 µl per well. The mixture in the tube was shaken vigorously and kept in the dark for a maximum of 30 min for the reaction between DPPH and the antioxidant compounds to develop. The colour of the solution changed from dark violet to light yellow. Then the absorbance of the solution was recorded at 517 nm with UV-Vis spectrophotometer (Shimadzu). Corresponding blank samples were prepared and L-ascorbic acid (1-100 µg/ml) was used as a reference standard. A standard quercetin solution dissolved in methanol was run together with a blank solution containing methanol only. The radical scavenging property of the fruits was determined by calculating the IC50 (the concentration reducing DPPH absorbance by 50%).
The DPPH scavenging effect was calculated as: inhibition = (A 0 − A 1 )/A 0 , where A 0 is the absorbance of the control reaction and A 1 is the absorbance in the presence of the sample. Three replicates were prepared.
Ferric-reducing antioxidant power assay
The ferric-reducing antioxidant power (FRAP) assay was carried out as the described method with modification 24 . The FRAP reagent was prepared using 
Statistical analysis
Each assay was subjected to one-way ANOVA using Statistical Package for Social Sciences (SPSS). A significance level of 0.05% was used to test differences between the samples used.
RESULTS
Total phenolic and total flavonoid contents
Total phenolic contents (TPC) and total flavonoid contents (TFC) were calculated from the extracts of fruit, stem, and leaf using the standard curve of gallic acid and quercetin solution, respectively ( Table 1 ). The data were interpreted regarding GAE (gallic acid equivalents) and QAE (quercetin equivalents) of the extract, respectively. In Table 1 , Y represents the average absorbance of the sample and X stands for the amount of gallic acid or quercetin acid in µg/ml. The results of phenolic content of these samples showed a significant difference (p < 0.05). The extracts of the stem of S. torvum showed the highest level of phenolic content of 43.92 ± 0.17 (mg GAE/g) which was significantly higher than that of the phenolic content of the leaf (37.48 ± 0.41 mg GAE/g, Table 2 ). In addition, the phenolic content of the leaf was significantly higher than that of the fruit (16.15 ± 0.23 mg GAE/g, Table 2 ). The flavonoid content of 40.6 ± 1.9 (mg QAE/g) in leaf Table 2 ). A similar result was observed when the flavonoid contents were compared between the stem and fruits; the stem showed a significantly higher flavonoid contents than the fruits (Table 2) .
DPPH antioxidant activity
Two major antioxidant mechanisms, hydrogen atom transfer (HAT) and single electron transfer (SET), were classified. Thus HAT involves the transfer of hydrogen from the antioxidant compound to the free radical, which eventually neutralizes the free radical, as in the DPPH assay. Antioxidant potential of the control and the samples were significantly different. The extracts of leaf showed a significantly higher percentage of inhibition (78.7 ± 1.6) than the stem (56.3 ± 0.9) and fruit (33.0 ± 1.1), whereas the extracts of stem showed a significantly higher percentage of inhibition than fruit extract (Table 3) . This trend seems in a good agreement with the data of TFC (Table 2) , where the highest content was found in leaf extracts. This result clearly shows that the highest rate of DPPH decay occurs within the first 30 min of the reaction.
Ferric-reducing antioxidant power assay
The SET involves the transfer of an electron from the antioxidant compound, as in the FRAP assay. The samples reduce ferricyanide complex into ferrous (Fe 2+ ) form. The FRAP value of 540 ± 52 (mM Fe(II)/g) in stem extract was significantly higher than that of the leaf and fruit (Table 4 ). In addition, the FRAP value in the extracts of the leaf was found to be significantly higher than that of the fruit www.scienceasia.org (Table 4) . A different trend was found in the ranking of DPPH and FRAP data: as for the FRAP data, the ranking results were in good agreement with the Total Phenols Index (Table 2) , where the highest value was found for stem extracts. The extracts from fruits showed the lowest value in all assays, i.e., TPC, TFC, DPPH, and FRAP.
DISCUSSION
In the present work, the plant material was ovendried before the extractions. It is possible then that drying resulted in lower phenolic content in the fruits. In other studies with fresh fruits, it was found that phenolic compounds were higher in the fruits than in the stems 25 . Moreover, the phenol content could be higher in fresh than in thermally treated (such as oven-dried) plant materials 25 . In this particular case, the drying of stems, where the phenols are often present in the form of polymers of the lignin, should make them more easily extractable in oven-dried material, where the linked phenols become free by the action of temperature.
Total phenolic content and total flavonoid content
Phenolic compounds are one of the most important classes of secondary metabolites, mostly found in plants with diverse structures 26 . Phenolic compounds are among the greatest electron donors that can secure the conversion of H 2 O 2 into H 2 O in a short period. Hence they are referred to as the powerful chain-breaking antioxidants 27 . The phenolic content from this experiment was found to be higher in the stem extracts compared to the leaf and fruit extracts. However, the leaf extracts revealed higher phenolic content than the fruit extracts. This differs from a study 28 reporting a decreasing level of phenolic compound in the order of leaf > fruit > stem in S. nigrum plants.
The result of the current experiment contradicts the finding of a study 29 reporting high phenolic content in the ethanolic fruit extract than the current experiment. Nevertheless, they reported lower amount of phenolic compounds from the ethanolic and the fruit methanolic extract than the current experiment 2 . However, Loganayaki et al 11 reported high phenolic values than the current study from a chloroform fruit extract. Nonetheless, fruit acetone and methanol extracts were found to have lower phenolic values than our observed values. The current research found higher phenolic content in the leaf extracts than that reported in the previous study 11 . The differences may be attributed to the solvent used for extraction, environmental factors, fresh or dry samples, and the standard compounds used.
Flavonoid contents
Flavonoid compounds are naturally occurring compounds having a polyphenolic structure. They are mostly soluble in water and are ubiquitous in nature. However, they mainly occur in a plant as sugar derivatives known as glycosides. Nearest all pigments that colour most flowers, fruits, and seeds are due to the presence of flavonoids 30 . The result of flavonoid content revealed that leaves have high flavonoid content followed by stems. The fruit contains very low amount of TFC compared to that of leaves and stem. This corresponds with a report showing decrease in flavonoid content in the order leaf > stem > fruit in S. nigrum 28 . High flavonoid contents might be related to the high chlorophyll content 19 and different phytochemical compounds present in leaves 30 . Waghulde et al 2 reported a low amount of flavonoid content in ethanolic, and fruit methanolic extract than the current experiment. This difference may be due to environmental factors, dry or fresh sample, standard compounds used and solvent used for extraction among others.
DPPH assay
The most rapid, reliable and sensitive method for measuring antioxidants of plant samples is free radical scavenging assay which measures the absorbance of DPPH stable radical spectrophotometrically 2 . This slightly agreed with the report showing highest DPPH antioxidants from leaf followed by fruit and lastly stem extract of S. nigrum 28 . However, Waghulde et al 2 reported that the percentagescavenging activity of ethanolic and methanolic fruit extract was higher than our observed result. However, the result of Ref. 12 from the different solvent of S. torvum fruits at 500 µg/ml revealed higher scavenging activity than the current research. Samrot et al 29 reported a low percentage of DPPH scavenging activity of S. torvum leaves than in the current research. This difference may be attributed to the differences in solvent polarity, concentrations, and environmental factors.
FRAP assay
The reducing of the power of food constituents or bioactive compounds is an indicator of its electron donation potential and its antioxidant activity 26 . The FRAP value of leaf extract from the current experiment was found to be higher than the reported value of from both acetone and methanolic extracts 9 , while lower than the chloroform extract. Furthermore, previous study 23 revealed low FRAP value from both raw and processed S. torvum fruit extracts. However, the FRAP value of fruit extract from the current experiment was significantly lower than the reported value from both acetone, methanolic and chloroform extracts 11 . Nevertheless, a low amount of FRAP value was found from different extracts of S. torvum leaf 22 in comparison with the current research. This difference may be related to the differences in solvent polarity, concentration and environmental factors.
In conclusion, many studies focus on natural antioxidants from fruit, vegetables and medicinal plants. It may be related to high prevalence of oxidative diseases as well as the lethal effect of some synthetic antioxidants. It can be concluded that both DPPH and FRAP assays gave different results when the antioxidant activity was measured in stems and leaves of S. torvum, with corresponding responses in the fruit extracts where the lowest indexes were found.
